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The application of the precoding technique to turbo codes is investigated, resulting in a new class of turbo-like codes named precoded turbo codes. The introduction of a precoder provides a degree of freedom for code optimisation. As a result, an optimised rate-1/2 precoded turbo code with a threshold of 0.28 dB is designed using the EXIT chart.
Introduction: A precoder is a device located in front of a conventional turbo-like encoder for improving its iterative decoding performance [1] . By using an accumulator as a precoder for RA codes [2] , Abbasfar et al. proposed a novel class of turbo-like codes named accumulate-repeataccumulate (ARA) codes [1] , which not only exhibit excellent performance but also allow low complexity codec implementations. Inspired by the success of ARA codes, we intend to investigate the effect of the precoding technique on turbo codes [3] . A new coding scheme is obtained by prefixing a precoder to a turbo encoder and hence the name precoded turbo codes. The introduction of a precoder provides a degree of freedom for code optimisation. With the help of the EXIT chart [4] , a rate-1/2 precoded turbo code is designed with a threshold of E b /N 0 ¼ 0.28 dB, within 0.1dB of the Shannon limit, which is E b /N 0 ≃ 0.19 dB for rate 1/2 in a binary-input AWGN channel.
Precoded turbo codes:
The encoder of a precoded turbo code is shown in Fig. 1 , where the serial-to-parallel converter, the parallel-to-serial converter and the two branches in between, i.e. the accumulator and the direct line, constitute the precoder [1] . The ratio of the data bits to be encoded by the accumulator is referred to as the precoding ratio, denoted as a, which is the only parameter to be optimised in this coding scheme. Note that by removing the precoder or equivalently by setting a ¼ 0, this coding scheme reduces to the conventional turbo codes. Convergence analysis and precoder optimisation using EXIT chart: For simplicity, we only consider symmetric turbo codes, the two component recursive systematic convolutional (RSC) encoders of which are the same. Following the 'serial to parallel conversion' [5] , a precoded turbo code can be viewed as a serially concatenated code. Referring to Fig. 1 , the outer code is a mixture of a rate-1/2 repetition code (abbreviated as a Rep2 code) and a serial concatenation of an accumulator and a Rep2 code (abbreviated as an Acc-Rep2 code), while the inner code is a RSC code. Thus, the convergence behaviour of a precoded turbo code can be visualised by drawing EXIT curves for the inner and outer codes (see Fig. 2 ).
With the EXIT chart the code design problem is reduced to a curvefitting problem [6] . Note that a Rep2 code and an Acc-Rep2 code are both of rate-1/2, while their EXIT curves are of different shapes. Thus, by adjusting a, the EXIT curve of the outer code can be shaped to match that of the inner code and improved thresholds can be obtained. This implies that the introduction of the precoder provides a degree of freedom for code optimisation. This optimisation problem is one-dimensional and can be solved in a direct way. We tried several turbo codes and obtained different amounts of improvements. The best rate-1/2 code obtained is the one with a ¼ 0.42 and a RSC generator of (7, 5) , which exhibits a threshold of E b /N 0 ¼ 0.28 dB. However, the original turbo code has a threshold of E b /N 0 ¼ 0.69 dB (see Table IV [4] ). Fig. 2 shows an EXIT chart of this precoded turbo code at E b /N 0 ¼ 0.4dB. The decoding trajectory is also shown in Fig. 2 , which is generated by a simulation of a length-10 6 precode turbo code iteratively decoded as a serially concatenated code. Note that the code can also be decoded in a turbo decoding fashion, resulting in a faster convergence rate.
Simulation results: The BER performance of turbo and precoded turbo codes with a RSC generator (7, 5) are compared in Fig. 3 . To evaluate a BER of 10 25 for the length-10 6 precoded turbo and turbo codes, 10 8 data bits have been simulated. The performance of the length- 10 6 codes is close to the predicted thresholds, respectively, which validates the EXIT chart analysis. precoded turbo codes, α = 0.42, (7, 5) turbo codes, (7, 5) threshold, turbo 0.69dB We note a rate-1/2 coding scheme by ten Brink with a slightly better threshold of E b /N 0 ¼ 0.27 dB [7] , which is a serial concatenation of an outer rate-1/2 repetition code and an inner rate-1, 8-state RSC code. Compared to ten Brink's scheme, the proposed code is a systematic one and has a lower decoding complexity owing to the employment of only 2-and 4-state RSC codes.
Conclusion:
In an attempt to apply the precoding technique to turbo codes, we constructed a rate-1/2 precoded turbo with a threshold of 0.28dB within 0.1dB of the Shannon limit. For future works, we may consider using other codes as precoders, and the application of the precoding technique to other coding schemes.
